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2 Appendix to Chapter 2: Towards a learning path 
specification 
 
José Janssen, Adriana Berlanga, Rob Koper 
 
This article has been submitted to a journal and is currently under review 
 
Abstract 
Flexible lifelong learning requires comparability and exchangeability of courses, programmes and other 
types of learning actions both in a national and international context. This paper argues that in order to 
achieve comparability and exchangeability a uniform and meaningful way to describe learning paths 
towards attainment of learning outcomes is needed. The paper identifies the requirements for a learning 
path specification drawing on a study of literature in the field of curriculum design and lessons learned 
from European initiatives that aimed to enhance comparability and exchangeability of learning actions.  
 
2.1 Introduction 
Notions like the “European area of higher education” (Bologna-Declaration, 1999) or “a 
European area of lifelong learning” (CEC, 2001) are still merely concepts rather than realities, 
although quite some progress has been made exploring ways to start realising easy exchange of 
courses and programmes across national and institutional borders (CEC, 2004; González & 
Wagenaar, 2003; PLOTEUS, 2006; Pöyry, Pelto-Aho, & Puustjärvi, 2002; TENCompetence, 
2005). Apart from the aim of improving the mobility of employees across Europe, the idea is to 
enhance flexible lifelong learning by removing barriers to the exchange of programmes, courses, 
and other educational offerings which in this paper will all be called learning actions. 
Exchangeability is an attribute of the relation between learning actions indicating that one action 
can be substituted or replaced by another, simply because they result in similar learning outcomes 
or because they result in learning outcomes which are formally recognised (certified) as a valid 
alternative within a wider programme. In this paper learning outcomes will be systematically 
referred to as competences, but they could be described in other terms as well. To establish 
whether or not learning actions are exchangeable they have to be described in a way that they can 
be compared.  
In formal education the aim to create a European area of higher education has led to calls for an 
“over-arching European credit accumulation and transfer framework that can make system 
intelligible to system” (Adam, 2001). Most European higher education systems have witnessed 
reforms leading to greater convergence of qualification structures in the wake of the Bologna 
Declaration. Despite a broad adoption and use of the European Credit Transfer System (ECTS), 
the desired transparency and convergence of higher education systems still hasn’t been achieved 
(Adam, 2001; Karran, 2004). Apart from difficulties stemming from different deployment of the 
system, true transparency would require that credits gained from different types and levels of 
educational experience are clearly labelled, identified and understood.  
An additional challenge lies in the fact that in lifelong learning the learner might perform formal, 
non-formal and informal learning actions in parallel: take a job-related training course at work, 
retrieve information from the Internet and study for a master’s degree at a university in the 
evening. Instead of  the addressing the problem of exchangeability by agreeing on structures and 
formats for exchange beforehand, we would like to facilitate exchange of learning actions which 
are not necessarily developed within agreed upon curricular contexts. 
Regarding lifelong learning the concept of Learning Networks (LN’s) has been introduced 
(Koper, Rusman, & Sloep, 2005; Koper & Tattersall, 2004). LN’s are envisaged to facilitate a 
broad variety of learning opportunities in a particular domain, covering both formal and non-
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formal learning, both emergent and pre-planned learning actions. Given this broad variety of 
learning actions, a learner in a Learning Network may achieve the same learning outcomes by 
following different learning paths. Consequently learners will need navigational support in 
identifying alternatives and finding an optimal way to achieve the learning outcomes. For learners 
to be self-directed, they need an overview of available learning actions that fit their learning 
needs, preferences, and prior-knowledge. Figure 1 illustrates the concept of a Learning Network. 
The small nodes in the Learning Network represent learning outcomes a learner might want to 
attain in this particular domain, “competence A” for instance. The learner in figure 1 aims 
towards the long term goal of acquiring competence profile X, e.g. a basic level in nursing  or an 
‘advanced level’ in playing acoustic guitar, that includes competences I, U, M, R, Q, A, G. A 
competence profile describes the set of competences and proficiency levels needed to perform 
adequately in a particular job, function or role.  
The learner profile represents the competences already acquired by the learner. In figure 1 the 
learner already has acquired some competences in the domain (H, D, K, and R). These might 
have been attained within the Learning Network or through acknowledgement of prior learning 
(APL). At any rate part of competence profile X, namely competence R, already has been 
mastered. Apart from the overlap between the learner profile and the competence profile, overlap 
might exist between different competence profiles as the figure illustrates: competence profile W 
and X share competence U. Competences related to life aid for instance will be relevant for both 
the competence profile of a nurse and a doctor. 
To the extent that a competence consists of different proficiency levels this is modelled within the 
competence node rather than through separate nodes for each level. We assume dependencies 
exist between competences, but these are not modelled, but rather derived from dependencies 
expressed at the level of learning actions. We will return to this issue later on. 
N
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Q
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Competence
profile X 
Learning Network in domain Y
J
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V
WZ
Y
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T
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profile W 
 
 
Figure 1. Lifelong learner in a Learning Network  
 
The learning goal of a learner might vary from acquiring a single competence to an entire 
competence profile. Some support might be needed for the learner to ‘translate’ learning goals to 
competences and competence profiles.  
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Once a competence or competence profile has been selected the question arises how best to work 
towards that learning outcome, i.e. which learning path to follow. A learning path that covers 
more than one competence is called an extended learning path. First of course the learner profile 
has to be taken into account: checks have to be made for possible overlap between competences 
in the competence profile and the learner profile. Apart from the learner profile, the ‘best’ way 
will depend on various characteristics which will not be equally relevant to all learners. 
Characteristics most evidently affecting the choice for a learning path are for instance costs, 
delivery mode (distance teaching or face-to-face), and scheduling.  
Ideally, information about learning outcomes and learning actions should be amenable to 
automatic processing, thereby enabling learning brokerages or software agents to intermediate 
between learners and learning providers to identify the most appropriate steps to be taken at any 
point in a learning lifetime (TENCompetence, 2005). However the selection and decision 
processes regarding appropriate learning paths is unlikely to become fully automated, simply 
because some human interpretation is likely to remain needed, for instance regarding the 
descriptions of the contents, learning strategies, etc. Nevertheless some automated filtering could 
be applied, offering learners the possibility to indicate for instance cost ranges, start and end 
dates, weekly study load etc. To support such filtering learning paths must be described in a 
uniform and meaningful way. This paper will investigate the requirements for a learning path 
specification: what aspects of learning, learning actions and learning paths should be 
incorporated?  
 
2.2 General requirements for a learning path specification 
The concept of learning paths (LP’s) has been chosen in order to stress the specific character of 
lifelong learning as compared to formal, initial education. Initial education is organised in 
curricula designed for cohorts of learners with comparable entry levels, and delivered by formal 
educational institutions. Lifelong learning on the other hand is not ‘organised’ and pre-planned 
like that, but develops through actions that enable a learner to attain certain competences he or 
she likes to or has to acquire. It is influenced by changing interests and needs both on the part of 
the learner and his or her situation. Lifelong learning evolves as a process of constant adaptation 
and change. These actions are not restricted to formal learning offered by an educational 
institution but will include training on the job and informal learning. For lifelong learning a 
learning path specification therefore must be able to describe both formal curricula and other 
actions that result in learning outcomes, varying from reading a book, watching a video, creating 
a spreadsheet, prepare a recipe to taking a course. 
 
Thus far we can derive the following functional requirements for a learning path specification, 
still in very general terms:  
 
1. A learning path specification must enable the description of actions that lead to certain learning 
outcomes, whether formalised in a curriculum offered by an educational institution or merely 
suggested by a co-learner as an appropriate way to achieve some desired learning outcomes.  
This means that, like a curriculum, a learning path consists of a coherent set of actions as well as 
rules associated with these actions: optional and mandatory actions, and restrictions regarding the 
order in which the actions should be performed. Apart from the learning outcomes and actions 
resulting in these outcomes, the specification should enable the description of rules governing 
progress through and completion of a programme, e.g. ‘for at least three out of four units a 
minimum grade of X must have been obtained before the learner can proceed with unit Z’. In the 
case of informal learning a Learning Network will necessarily rely on learners’ willingness to 
describe their informal learning paths in hindsight. 
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2. A learning path specification must describe these actions taking into account a decision support 
perspective, i.e. it must contain all information needed to support decisions on relevant actions for 
a learner who wants to achieve certain learning outcomes, given his or her present know-how in 
the field.  
In image theory two phases of decision making are distinguished: screening and choice (Beach, 
1997; Rundle-Thiele, Shao, & Lye, 2005). Screening involves the selection of options taken into 
consideration, whereas the choice phase involves the actual decision for an option. 
Figure 2 schematically illustrates why a decision support perspective is needed. The figure 
indicates how a single competence can be acquired through various learning paths. A learning 
path is represented as a set of actions, subsets of actions to choose from (selections), and/or 
subsets of actions to be performed in a specific order (sequences). Note that an extended learning 
path would cover a number of competences and thus would have to combine two or more singular 
learning paths to one. As stated before we expect dependencies between competences to be 
expressed in the prerequisites of a learning path leading to a single competence or in 
dependencies between actions belonging to learning paths that lead to different competences.  
 
Competence A:  learning path 1, 2, 3, 4
R
I
G
Competence profile X
Action
Sequence
Selection
U
M
Q A
 
 
Figure 2: Learning path or competence development plan 
 
In order to support learners in choosing a learning path from all available ones, the LP 
specification must facilitate identification of learning paths leading to the same learning 
outcomes. In this sense learning outcomes are the primary base for screening. Facilitation of 
further screening and final choice for an option requires that the learning path specification 
describes characteristics most relevant to learners’ decision making. This way the specification 
can be used to apply filters as stated before, for instance regarding language, costs, accreditation, 
delivery mode, and pacing. 
 
A complication in facilitating learners in selecting efficient and effective learning paths, which is 
not reflected in figure 2, lies in the fact that actions might be part of a number of learning paths. A 
learner might choose a path containing actions he or she has already performed while following 
another learning path in the past. This means that checks have to be made for overlap between an 
optional learning path and the learner’s learning track: the chronological description of all actions 
a learner has completed in the past. And of course then criteria will have to be applied to 
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determine whether the learning outcomes which have been attained in the past can still be 
considered valid and up-to-date. 
 
In summary this section has described some very general requirements for a learning path 
specification. These general requirements state that a learning path specification must be able to 
describe the structure of a learning path and all possible rules that apply to it on one hand. On the 
other hand the learning path specification should include those characteristics that learners apply 
in selecting the most appropriate learning path from the available offers.  
Related to this second requirement a further general requirement is that we want the specification 
to be in line with existing standards in the field of educational technology, most notably the IEEE 
Learning Object Metadata (LOM, 2002). So we will strive to bring the selection of characteristics 
and their description in line with this metadata standard.  
The next section describes our approach in further specifying these requirements.  
 
2.3  Method 
In order to derive more precise requirements for a learning path specification we’ve pursued two 
lines of investigation.  
 
Firstly, a review of literature on curriculum design was carried out to further investigate the 
structure and rules connected to a learning path. There is no standard yet in the field of 
curriculum design to test on suitability to describe learning paths, but there are several 
specifications in the field that will be analysed in this respect: IMS Learning Design (IMS-LD, 
2003) and the eXchanging Course-Related Information (XCRI) curriculum specification (XCRI, 
2006). The IMS Learning Design specification allows defining which roles should carry out 
which activities, using which supportive materials and services, in order to achieve certain 
learning objectives. It is this ‘workflow-based’ approach, as opposed to simple sequencing 
inspired approaches (IMS-SS, 2003; SCORM, 2004), that makes it appear a suitable candidate to 
model flexible learning pathways (Marjanovic, 2006). 
Although the XCRI project’s main focus, namely exchanging course-related information, 
prioritises an interest in fragments of curriculum, the schema enables the description of linkages 
between curriculum fragments as well. The XCRI project has build on the Norwegian Course 
Description Metadata project (CDM, 2004) to define a vocabulary to describe course related 
information in a way that fits UK needs. Compared to CDM the XCRI specification offers a more 
generic curriculum specification object and has more options to specify curriculum structure. The 
vocabulary “encompasses course marketing, course quality assurance, enrolment and reporting 
and personal development requirements” (Stubbs & Wilson, 2006).  
 
Secondly, a number of recent and current initiatives aiming towards exchangeability of learning 
actions were analysed to see what characteristics they provide or propose to provide to learners to 
facilitate their decision-making. Following the recommendation to “differentiate luxury from 
necessity” (Hodgins et al., 2003, p. 40) we will aim to select the most important characteristics 
rather than strive for completeness, to then proceed to determine whether these can be described 
using the LOM set of metadata (LOM, 2002).  
 
Initiatives directed towards joint development of learning actions with the purpose of exchange 
have not been included in our analysis because they approach the problem of exchangeability 
from the other end, i.e. agreeing on formats for exchange beforehand, whereas we would like to 
facilitate exchange of learning actions which are not developed in joint agreement. 
Besides numerous exchange programmes exist in higher education institutions, describing 
opportunities and procedures either for their own students to take courses elsewhere or for foreign 
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students to enrol in their courses. Again these are considered too specific to include them in our 
study.  
 
The initiatives we studied all aim towards transparency and exchangeability at a more generic 
level. Different approaches can be identified which are by no means mutually exclusive, but 
merely represent different scopes and levels of generalisation and formalisation. We will briefly 
describe the different categories. Table 1 lists examples of each category. 
 
Table 1: Examples of approaches aiming towards comparability and exchangeability 
 
Approaches Examples 
1. Portals - UCAS  http://www.ucas.com/ (UK) 
- PLOTEUS  http://europa.eu.int/ploteus/portal/home.jsp (EU) 
- Curriki  http://www.curriki.com/ (Global) 
2. General guidelines - Two cycles in HE: undergraduate and graduate (EU) 
- Quality Assurance Agency Guidelines  (UK) 
- European Credit Transfer and Accumulation System  (EU) 
3. Application profiles - CUBER (EU) 
- CDM (N) 
- Dublin Core Metadata Initiative Education Application Profile 
 
1. Portals 
There are quite a number of websites which list courses and programmes of various educational 
institutions within a country or region, across countries, or even irrespective of countries. We 
have selected three examples which are open for anyone to search: UCAS, which covers higher 
education at a national (UK) level; PLOTEUS, which, at a European level covers all levels of 
formal education; and Curriki, a fairly recent global initiative which is more a community than 
merely a portal, which aims to develop and deliver curricula through community contributors. 
The aim of all these initiatives is to offer learners easy access to courses and programmes. 
Though some directly enable learners to enrol, others link learners to the provider’s website for 
further information and enrolment. We will compare the options these portals offer for learners to 
search appropriate learning actions. 
 
2. General guidelines 
Several initiatives have been directed towards formulating general guidelines to enable 
comparison of courses and programmes. Of course adoption of the undergraduate and graduate 
cycle in universities and higher education institutions serves that purpose on a very general level 
(Bologna-Declaration, 1999). The ECTS guidelines offer more concrete suggestions concerning a 
number of characteristics that are likely to be needed in comparing courses and programmes 
(CEC, 2004). The QAA guidelines for programme specifications describe a template to provide 
more detailed descriptions of programmes for learners (QAA, 1999). We will compare 
characteristics mentioned by the ECTS and QAA guidelines to the choice options offered by the 
portals. 
 
3. Application profiles 
The third category concerns initiatives applying either metadata standards or guidelines and 
adapting them to suit particular needs. In the case of metadata standards these applications are 
referred to as application profiles and may involve selecting a subset of the metadata or extending 
them in a prescribed way. The application profiles investigated here are developed with the aim to 
support comparability and exchangeability of learning actions. We will see what these 
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experiences tell us about applying the LOM metadata standard and the DCMI Education 
Application Profile.  
 
2.4 Analysis 
This section describes the requirements derived respectively from the review of curriculum 
design literature and the analysis of initiatives aiming towards exchangeability. 
 
2.4.1 Curriculum design literature 
Building on the reasoning followed in sections 1 and 2 and further study of literature in the field 
of curriculum design and lifelong learning (Bligh, 1999; Colardyn & Bjornavold, 2004; Harden, 
2000; Livingstone, 1999; Marsick & Watkins, 2001; NOCN, 2004; Ramos, Kautonen, & Keller, 
2001; Tattersall, Janssen, Van den Berg, & Koper, 2006) the learning path specification must 
enable to describe the following characteristics of learning paths:  
 
• Modular composition: learning paths must be able to be built from units; 
• Nested composition: learning paths must be able to be composed of other learning paths; 
• Learning outcomes: learning paths are defined in terms of learning outcomes; 
• Entry requirements: it must be possible to specify entry requirements for a learning path; 
• Selection: it must be possible to specify which elements of a learning path are mandatory and  
  which are optional; 
• Sequencing: it must be possible to specify a fixed order in which elements of a curriculum are to  
  be completed; 
• Temporal coordination: a learning path specification must enable to express parallel  
  programming of two or more learning actions; 
• Completion: the requirements for completion of a learning path must be able to be specified; 
• Conditional composition: it must be possible to specify conditions under which learning path  
  elements are to be included or excluded; 
• Substitution: learning path specification must enable description of substitution rules. 
Substitution rules describe which units in the learning path might be replaced and the criteria that 
exist regarding the substitute.  
 
Besides the learning path specification must meet the general requirements of:  
 
• Formality: the language must describe a route in a formal way, so that automatic processing is  
possible; 
• Interoperability: the language must support interoperability of routes so that different support            
Systems can share and exchange information. 
 
As mentioned above in the Method section, we will now address the question whether and how 
two existing more elaborate specifications in the field of learning design (IMS-LD, 2003), and 
curriculum modelling (XCRI, 2006) can be used to meet these requirements. 
 
Using IMS-LD a learning path (Unit of Learning) can be described that consists of actions 
(Activities), groupings of actions (Activity Structure) or learning paths, thus enabling both 
modular and nested compositions. Both actions and learning paths can be related to 
competences/competence profiles using the element Learning objectives. A grouping of actions 
can be defined as either a selection or a sequence. A selection indicates that the referenced actions 
can be done in any order and through specification of a number to select smaller than the number 
of referenced actions it is possible to define a free choice range. Sequences always contain 
mandatory actions that have to be performed in the specified order. 
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Temporal coordination (parallel planning) can be specified in a number of ways. It is possible for 
instance to set a time-limit on a set of two actions or on each action separately. (Of course true 
enforcement of temporal coordination would require face-to-face actions that are planned in 
parallel). Regarding completion IMS-LD contains a number of elements to indicate when an 
action or a learning path is completed (complete activity/complete play). This might be simply 
because the learner considers his or her goals to have been achieved (user choice). Besides IMS-
LD contains an expression language that can be used to define more complex rules for completion 
(e.g. ‘if assignment X has been approved by the tutor’). The same expression language can be 
used to define conditional / adaptive compositions (e.g. ‘if learner has preference and then show 
action X, learning path Y’, etcetera). And again this rule language can be used to define 
substitution rules, for instance like: ‘action X can be replaced by any other action under the 
condition that the substitute action either leads to the same competence, and requires a similar 
amount of input from the learner’. 
 
The XCRI specification is a generic curriculum object that can be further typed as a programme, 
course, module, lesson plan etcetera. Besides the curriculum object can consist of a number of 
these fragment types so that modular compositions can be described. Nested compositions are 
possible by defining fragment associations and assemblies of types. 
Requirements, prerequisites and co requisites can be described and for each curriculum fragment 
learning outcomes can be specified. Fragments by default are interpreted as sequences. Global 
attributes are used to define collections that can be ordered or define a selection range and 
selection criteria. Temporal coordination can be expressed through fragment associations, co 
requisites and calendar events. Though the XCRI specification offers the option to specify 
assessments in great detail, there is no option otherwise to specify when a course or programme 
can be considered completed. Conditional compositions can be realised by specifying including 
and excluding requirements, but substitution rules can not be specified as such. 
 
Both XCRI and IMS-LD meet the general requirements of formality and interoperability: they are 
open specifications using the XML schema formalism. 
 
2.4.2 Initiatives to enhance exchangeability of learning actions  
In this section we describe for each category of initiatives identified in table 1, which 
characteristics are used or proposed to facilitate learners’ choices of learning actions. Based on 
these descriptions and the conclusions drawn from them, we will present our own proposal in the 
conclusion section, describing a learning path model that integrates structure and characteristics 
of the learning path specification.  
 
2.4.2.1 Portals 
The portals selected for our analysis vary considerably in the search options they provide to 
learners. Table 2 lists all information (metadata) the portals provide to learners in a quick search 
and/or advanced search. The Curriki portal provides the most extensive metadata. This might be 
due to the fact that it is not just a portal but a community where both learners and teachers come 
to find but also add learning materials; the metadata provided in a search more or less mirror the 
metadata that are requested upon uploading materials.  
The UCAS and PLOTEUS portals are clearly organised around courses and institutions, whereas 
the Curriki portal includes all types of ‘instructional components’. In this respect the Curriki 
portal more closely reflects a Learning Network. 
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Table 2: Information provided to learners by different portals 
 
Metadata UCAS 
(UK) 
PLOTEUS 
(EU) 
Curriki 
(Global) 
Course code X   
Course type / level X X X 
Region/country X X  
Subject/Title X X X 
Description   X 
Keywords  X X 
Status* (e.g. draft, final)   X 
(Link to) institution* X X  
Attendance type X   
Language  X  
Resource type* (e.g. url, image, text)   X 
Publish date*   X 
Contributor *   X 
Instructional component* (e.g. lesson 
plan/presentation/course)  
  X 
Learning Resource type: Comprehensiveness 
(individual asset/course/curriculum) 
  X 
Framework alignment (e.g. Master 
Framework – Science – Technology) 
  X 
Licence   X 
Right holder   X 
 
* The metadata indicated by an asterix contain information that is subsequently provided, rather than used 
as basis for a search. 
 
The Curriki portal offers direct access to the resources for free, whereas the UCAS and 
PLOTEUS portals link to institutional websites where the learner can find more information. This 
makes it necessary for the Curriki portal to offer more information on the resources. However, 
information like publish date, contributor, licence and right holder don’t seem that relevant to 
someone who’s searching for learning actions that will help him or her attain certain learning 
outcomes. In this respect and also in view of initiatives described in the next sections, it is 
remarkable that all three portals focus on subject as the central search option, rather than learning 
outcomes. 
 
2.4.2.2 General guidelines 
The Quality Assurance Agency Guidelines for preparing programme specifications state that “A 
good programme specification will improve student understanding of how and when learning 
occurs, and of what is being learned, and thereby inform reflection upon personal learning, 
performance and achievement, and subsequent planning for educational and career development.” 
(QAA, 1999, p. 3).  
The information which the QAA guidelines suggest will normally be included in a programme 
specification are:  
• awarding body/institution; 
• teaching institution (if different); 
• details of accreditation; 
• name of the final award; 
• programme title; 
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• UCAS code; 
• aims of the programme; 
• relevant subject benchmarks statements and other reference points used to inform programme 
outcomes; 
• programme outcomes: knowledge and understanding; skills and other attributes; 
• teaching, learning and assessment strategies to enable outcomes to be achieved and 
demonstrated;  
• programme structures and requirements, levels, modules, credits and awards; 
• date at which the programme specification was written or revised. 
 
The guidelines state that in addition institutions might want to include criteria for admission to the 
programme, information about assessment regulations, indicators of quality, particular support for 
learning and methods for evaluating and improving the quality and standards of learning. 
 
The European Credit Transfer and Accumulation System (CEC, 2004) aims to make study 
programmes easy to compare. It is based on the (estimated) average student workload required to 
achieve the objectives of a programme of study and its constituent parts. ECTS can be used for 
accumulation within an institution and for transfer between institutions. Its basic parameters - 
workload and learning outcomes - can also be applied to self-study and work experience, thus 
making it a suitable instrument in the context of lifelong learning as well. ECTS draws on the 
principle that the workload of a full-time student during one academic year (1500-1800 hours) 
equals 60 credits, so one credit equals around 25 to 30 working hours. Credits are allocated to a 
study programme and its constituent parts. They are allocated based on a realistic estimation of 
the student workload required for the average student to achieve the learning outcomes. Learning 
outcomes are described as “sets of competences, expressing what the student will know, 
understand or be able to do after completion of a process of learning, whether long or short. (..) 
Learning outcomes specify the requirements for award of credit.” (CEC, 2004, p. 12). A third 
parameter – grading scale – is used to compare one grading system to another and is less relevant 
to our purpose.  
Based on experiences from the Tuning project (González & Wagenaar, 2003) it has been 
proposed to introduce extra descriptors as an extension to ECTS, namely level and type of course. 
Level for instance could be defined on a scale distinguishing ‘basic’, ‘intermediate’, ‘advanced’ 
and ‘specialised’ levels. Besides the descriptor ‘type of course’ could be used to ‘core course’, 
‘related course’ (supporting for the core) and ‘minor course’ (optional or subsidiary course).  
 
2.4.2.3 Application profiles 
The CUBER system is designed to be a search engine or broker system that enables students to 
search for courses from a number of higher education institutions (Pöyry, Pelto-Aho, & 
Puustjärvi, 2002). The goals of the system are (amongst others) to enable comparison of courses 
from different providers and to find the best matches to one’s personal educational goals; to 
provide information on how courses are integrated and to make it possible to generate a complete 
curriculum plan; and to provide information on degrees and (international) recognition of degrees 
and certificates. 
As the project aimed towards interoperability, the metadata specification of CUBER was based 
on the (then) emerging LOM standard. Interestingly a questionnaire was used to gather 
information about courses from each partner country. What was identified as missing in LOM 
were elements to describe examination method, pedagogy or teaching method, teacher and study 
guidance (Lamminaho, 2000). 
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A separate study was directed towards finding out which parameters and rules appear to guide 
decisions regarding course acknowledgement (i.e. parameters and rules used in comparing two 
courses for exchangeability), with the aim to include these parameters into the CUBER metadata 
model (Ramos, Kautonen, & Keller, 2001). The parameters used in course comparison were: 
credits, content, extent (detail of content), difficulty, and examination method. The metadata 
scheme used in the CUBER project is presented in [  ].  
 
The Course Description Metadata specification (CDM) is a Norwegian initiative that “specifies 
the structure and semantics of key concepts used in course descriptions” (CDM, 2004, p. 3). 
CDM intends to facilitate description and exchange of information about course units, 
standardization of course unit descriptions, establishment of national and international course 
catalogues, course portals and other student services.  
CDM groups metadata in four types:  
1. Organisation unit type represents an organisational unit that provides study programmes and 
courses. A given programme or course may be provided by multiple organisational units. 
Besides an organisational unit can have a hierarchical structure (e.g. university, faculty, 
institute). A total number of nineteen part elements offer the possibility of detailed 
descriptions of an organisational unit, including admission information, student facilities and 
courses and programmes provided by the unit.  
2. Programme type contains the description of a study programme. A study programme can 
have a hierarchical structure with subordinate study programmes.  
3. Course type. A course is defined as “a complete unit of instruction that provides the learner 
with the knowledge or skills required for competence in a subject matter”. Within the CDM 
frame of reference it refers to an academic or vocational course arranged by a course 
provider. A course is the lowest level that can offer credits or recognition within an 
educational institution. 
4. Person type contains the description of a person with the focus on providing contact 
information.    
 
In CDM the perspective of educational providers seems the predominant perspective. This 
becomes clear for instance in the fact that information on student facilities is defined at the level 
of the organisational unit rather than at course or programme level.  
 
In summary, different initiatives clearly place different accents in describing educational 
offerings, depending on different aims and backgrounds. Whereas PLOTEUS and CUBER for 
instance seem more strongly driven by a wish to compare and exchange educational offerings, 
QAA and CDM seem more strongly inspired by a “provider perspective” and a wish to accurately 
cover prospectus information and information pertaining to awarding and accrediting institutions 
and quality procedures.  
However facilitating flexible lifelong learning requires that the learner and his/her learning needs 
are central, so it will be for instance more important to know whether a Learning path is formal or 
non formal, than to describe which institution it is awarded by. We believe that quite a lot of this 
more detailed information could be suitably offered by linking to a provider’s website. 
 
2.5 Conclusions 
Though both the IMS-LD and XCRI specifications provide means to specify learning paths, the 
IMS-LD more broadly meets the requirements, mainly because it has a more generic way to 
describe completion of curriculum elements and because it has a general rule language to describe 
all kinds of conditions.  
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Figure 3 represents a model of the learning path specification we propose, mapping the Learning 
Networks and learning path terminology on IMS-LD elements (between brackets) and including 
the set of metadata we believe to be minimally required for learners to decide upon a suitable 
learning path.  
 
Figure 3: Learning Path model 
 
A learning path leads to the acquirement of one or more competences or to a competence profile. 
The learning path consists of one or more actions, or clusters of actions or learning paths. These 
actions, and/or clusters and/or learning paths are presented in a certain structure, describing the 
overall work/learning flow. The learning flow may depend on certain circumstances as expressed 
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in ‘if-then’ rules pertaining for instance to learner preferences or the way the learning process 
evolves.  
 
So basically a learning path describes a structure of one or more actions, clusters of actions or 
learning paths, in a way that explicates restrictions and degrees of freedom for a learner wanting 
to develop competences along this path. Restrictions and degrees of freedom are not only 
described through structuring principles describing optional and required elements or through 
rules, but can also be described in metadata describing the learning path or its constituting parts, 
e.g. delivery mode, teaching place, contact hours etc. Table 3 provides a more detailed description 
of the classes of the learning path model and their characteristics (attributes). 
 
Table 3 Classes and attributes of the Learning Path model 
 
Class /attribute Description 
Learning Path A Learning path describes the actions a learner has to perform in order to attain 
a competence or competence profile. 
Identifier An identifier that can be used to refer to the learning path (unique within the 
Learning Network?).   
Title Title of the learning path equals the title of the action when the learning path 
consists of a single action. 
Version Versioning will be necessary to allow for updates of learning paths and enable 
identification of specific versions.  
Language Specifies which language(s) the learner needs to know to follow the learning 
path. 
description General description of the learning path. 
Formal This attribute only states whether completion of the learning path leads to a 
formal recognition (diploma/certificate).  (N.B.: this is not the same as 
distinguishing between formal, non-formal, and informal learning. Formal 
learning not necessarily results in formal recognition). 
prerequisites Describes all kinds of prerequisites: e.g. minimum age, competences, technical 
requirements, recommended, formal. 
workload Rather than EC’s we want to use the total workload in hours. (Though ECTS 
seems widely adhered to in European projects, we propose to use the more 
general element ‘workload’ or ‘typical learning time’ (LOM), because the 
credit system is only known in Europe and EC’s can be easily derived from 
learning time.) 
completion Describes when a learning path can be considered completed, e.g. upon passing 
examination, by user choice.  
assessment Describes which formative and/or summative assessments are in place to 
determine to what extend the learner has attained the competence/competence 
profile 
Delivery Mode Describes the modes used for delivery of the learning path, e.g. distance 
learning using all kinds of media, face-to-face teaching etc. We expect this 
attribute to be important for initial selection (screening) of relevant learning 
paths to choose from. 
teaching Place In case a learning path requires face-to-face meetings the learner needs to know 
where they take place in order to decide whether this suits him/her. 
Start Date In case there are fixed starting dates for a learning path, for instance in a 
semester schedule, this information is needed to see whether it fits the learner’s 
needs and schedule. This attribute will be empty in case learners are free to 
start whenever they want. 
End Date See above. 
Contact Hours Contact hours informs on the hours the learner is expected to attend (virtual) 
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meetings. Teaching place, workload, start date and end date together still don’t 
suffice to provide the learner with complete picture of the flexibility of the 
learning path in terms of time, place and pace.  
guidance Describes what support is available to learners taking the learning path 
(tutoring, counselling, helpdesk…) 
costs Specifies costs for enrolment and additional expenses (books, tools, etc.) 
Provider Link Links to a webpage containing more detailed information on enrolment, the 
provider, accreditation regulations, facilities for special needs students, contact 
information etc. 
Competence 
Profile 
A competence profile describes the set of competences a person has to master 
in order to perform adequately in a particular job or function. 
Competence Competence is defined as the ability of an actor to act effectively and 
efficiently in an ecological niche (e.g. occupation, hobby, sport etc). A 
competence can have a period of validity indicating at which interval the 
competence should be updated. However this attribute operates at the level of 
the learner rather than the learning path.  
Proficiency Level A competence has one or more proficiency levels or levels of mastery.    
Action  Any activity performed with the aim to develop a competence. Actions have 
the same attributes as learning paths plus the attribute ‘author’.  
…. All attributes specified for the learning path apply to the level of an Action as 
well. 
author Author information is only specified at the level of Actions.  
Structure The structure defines the ‘work/learning flow’ of a learning path and its 
constituent parts.   
Role part 
reference 
The structure is defined by linking roles (learner, teacher, tutor, assessor) to 
actions, clusters of actions or learning paths by referring to them. 
Rules Rules can be used to specify whether some actions, clusters or learning paths 
should be included or excluded under certain conditions. 
Cluster A cluster is used to group actions (and/or clusters and/or learning paths) that 
are somehow related, for instance because they compose a (sub)set a learner 
can choose from, or because they have to be studied in a particular order. See 
below. 
title A header for the grouping of actions, clusters, and/or learning paths 
Bounded Choice Bounded choice describes a cluster of actions, clusters and/or learning paths a 
learner can choose from.  
Restrict To Level Specifies that the cluster should only contain elements that relate to a certain 
level 
Minimum Number Specifies the number of elements from the given set that the learner has to 
minimally complete. 
Restrict To Domain Specifies that the cluster should only contain elements that relate to a certain 
domain 
Required A cluster of actions, clusters, and/or learning paths a learner has to complete 
either in a specific order (sequence) or in a free order (selection) to complete 
the learning path.  
ordered  Specifies whether or not the elements of the cluster have to be completed in the 
given order.  
 
 
It still has to be seen to what extend attributes can/must be described via LOM metadata. LOM 
does not have elements describing assessment or study guidance for instance. Though   this 
information might be put in a more general element like ‘5.10 description’ this will not suffice to 
enable straightforward comparison of these aspects. LOM does not specify schedule information 
(start date, end date, contact hours etc.).  
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2.6 Discussion 
• Burden of adding/updating metadata (Pöyry et al., 2002) Metadata vs free text search (see 
Lamminaho p.13):  metadata enable highly targeted, rapid search.  
• Future research: Model will be described in detailed information model and binding. Further 
empirical evidence has to be gathered to confirm suitability of this specification.  The 
specification will be tested on a variety of actual (mixtures of) formal, non-formal, and 
informal learning paths (e.g. can it describe the training programme of company X, can it 
describe the masters programme of university Y, the learning path of Z) and in a pilot where 
it will be used to facilitate navigational support.  
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3 Appendix to Chapter 3: Current tools supporting 
learning path creation and visualization 
 
3.1 Existing tools for learning path creation 
This section summarizes existing tools. We study these tools in order to extract requirements for a 
tool supporting a learner or a teacher to design learning paths. 
 
LAMS 
LAMS1 (Learning Activity Management System) is a system for creating and managing 
sequences of Learning Activities. Its authoring tool allows teachers to create and modify 
sequences of learning activities and store these in the sequence repository), and monitoring 
(where a teacher can select a sequence from the sequence repository, assign a group of learners, 
activate the sequence for learners, and then monitor their progress). Sequences are kept basic, as 
the unique relation between Learning activities is a transition relation. Therefore, no sense of 
requirements, bidirectional is carried in the sequence of activities. Moreover, the tool keeps a 
limit set of types of activities and resources in its toolkit menu. However, the tool enables to set 
optional activities and offers a preview mode to get a better overview of what is being 
constructed. 
 
 
Figure 4: Basic sequence in LAMS 
 
                                                     
1 http://www.lamsinternational.com 
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Moodle 
Moodle2 is a Course management system (CMS) for producing web-based courses. A teacher has 
full control over all settings for a course and its management. He/she has a disposable a flexible 
array of course activities such as forums, quizzes, glossaries, resources, choices, surveys, 
assignments, chats, workshops. They are ordered according to the course format by week, by 
topic or a discussion-focused social format. Due to its socio-constructivist inspiration, the system 
nurtures a strong community aspect enabling participants to be aware of each other and 
collaborate. A path in Moodle consists in a set of phases of a course. However, there are no 
possibility to mix a phase in one course in another course. Possibility to hide some phases. Type 
of activities based on time or achievement. 
 
 
 
 
RELOAD Learning Design Editor 
As part of the RELOAD3 project, Phillip Beauvoir and Paul Sharples of the University of Bolton 
have developed the Learning Design Editor. Supports the full IMS Learrning Design 
specifications for Levels A, B and C. In a project manager view, learning planners can organize 
their Learning Designs. This tool does not carry a very intuitive sense of creating learning path 
and sequencing activities. It is probably due to its purpose of staying at very close to the IMS-LD 
complex specifications. 
 
                                                     
2 http://www.moodle.org 
3 http://www.reload.ac.uk/ 
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3.2 Interactive Visualization System 
Interactive visualizations are about creating a magic lens for finding, sorting, filtering and 
presenting relevant information. To satisfy the requirements and challenges previously discuss, 
we base our approach on current research work, literature and a proven experience in information 
visualization and interaction. In the context of this work we believe important to follow the 
information seeking mantra extended with a direct manipulation approach. In other words, we set 
the following rules for visualization and interaction: 
 
Visualization 
Rule Description 
integrated systems the system should provide all the essential tools 
and views in a single integrated frame to 
preserve spatial continuity 
high interactivity the system should provide immediate 
feedback for all actions to preserve temporal 
continuity and to encourage exploration 
different views the system should provide different 
views onto the same data to emphasize 
different aspects and perspectives 
tightly linked views the views should be tightly coupled 
so that changes in one view are reflected in the 
others 
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Interaction/Direct manipulation 
Rule Description 
probing this mode is used to view more details about 
a learning object and to get an understanding of 
the relationships between the different views. 
Probing is a transient operation. 
Moving the mouse pointer over an object, 
highlights that object. As soon as the mouse 
pointer is moved away, the highlighting 
disappears. It is used like a flashlight that 
examines a dark room 
selecting this mode is used to mark objects that are of 
short-term interest, in order to further examine 
or perform operations on them (e.g linking with 
another learning object). Clicking on a learning 
object selects it and marks it in red. 
 
We started our exploration with the idea of the integrated system that should merge all the views 
on a CDP in one. A CDP is about relation and basically can be viewed as a graph. Yet, there are 
dimensions such as the time and competency level, multi-scale proximity, granularity that do not 
well carry with a graph view. Below are figures representing an attempt to render the dimension 
of time, competence acquisition and granularity of learning object.  
 
Example of connected learning object (figure 5), with a magnifying effect to view the nested 
learning objects (figure 6) 
 
Figure 5: example of connected learning object 
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Figure 6: Example of the nested learning objects 
 
This first attempts lacked of strong metaphors to explore and navigation the information 
contained in a competence development programme and a learning path. Therefore, we explore 
the use of the human sense of orientation to compose and manage Competence Development 
Programmes. The proposition is to use the physical world (maps) metaphor for a learner to 
browse in a world of competences and learning object. Since time began, man uses the right side 
of his brain and more precisely his sense of direction when moving from one location to another. 
It is this capacity to understand a map naturally that we would like to use in our cartographic-like 
interface. The interactive data maps are similar to a roadmap: 
• The cities are replaced by learning objects (e.g. modules, courses, programmes) 
• The mountains, the roads and the rivers are here thematics and phases, which connect the 
learning object 
• The user naturally directs his glance along a thematic to find results, exactly as if it went up a 
river to find a city. 
 
We believe that in two-dimensional information such as maps, users are trying to grasp adjacency 
or navigate paths, whereas in graph-structured information, users are trying to understand 
parent/child/sibling relationships. Moreover maps represent what a simple tree structure cannot 
show and they allow the navigation within the different level of granularity of information. 
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Figure 7: Example of clustered and multiple coordinated view (keywords used in a search engine) 
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Figure 8: Example of Kartoo to navigate web search results 
 
Gant Charts 
Yet, 2-dimensional maps do not well render a time scale. In contrary, Gantt charts are 
visualization tools to control and administer activities to complete a project. Therefore, we 
believe it could be well applied to CDP and follow our integrated systems and different views 
rules defined previously.  
 
The Gantt chart, developed by Charles Gantt in 1917, focuses on the sequence of tasks necessary 
for completion of the project at hand.  Each task on a Gantt chart is represented as a single 
horizontal bar on an X-Y chart.  The horizontal axis (X-axis) is the time scale over which the 
project will endure. Therefore, the length of each task bar corresponds to the duration of the task, 
or the time necessary for completion.  Arrows connecting independent tasks reflect the 
relationships between the tasks it connects. The relationship usually shows dependency where one 
task cannot begin until another is completed. The resources necessary for completion are also 
identified next to the chart.  
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Figure 9: Example of a Gantt chart for project management 
 
 
 
Figure 10: Gantt chart that reveals the depedencies 
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Gantt charts have become a common technique for representing the phases and activities of a 
project work breakdown structure (WBS), so they can be understood by a wide audience. 
 
Although a Gantt chart is easily comprehended for small projects that fit on a single sheet or 
screen, they can become quite unwieldy for projects with more than about 30 activities. Larger 
Gantt charts may not be suitable for most computer displays. A related criticism is that Gantt 
charts communicate relatively little information per unit area of display. That is, projects are often 
considerably more complex than can be communicated effectively with a Gantt chart. 
 
Gantt charts only represent part of the triple constraints of projects, because they focus primarily 
on schedule management. Moreover, Gantt charts do not represent the size of a project or the 
relative size of work elements, therefore the magnitude of a behind-schedule condition is easily 
miscommunicated. If two projects are the same number of days behind schedule, the larger 
project has a larger impact on resource utilization, yet the Gantt does not represent this difference. 
 
Although project management software can show schedule dependencies as lines between 
activities, displaying a large number of dependencies may result in a cluttered or unreadable 
chart. 
 
In summary, our approach uses a first 2D maps visual representation for content navigation and 
exploration and learning path edition. Second, the representation of the relations in time with the 
units of learning relies on a basic Gantt chart. The whole information visualization system is an 
integrated system with high interactivities (contextual on the maps). It uses a well-known 
metaphor of space to get detailed information on a selected item (unit of learning). 
 
3.3 Scenarios for Curriculum Design 
 
PhD Programme 
The doctoral programme includes 2 years of seminars and courses plus a period to complete the 
doctoral dissertation. A Diploma of Advanced Studies (DEA) is awarded on completion of the 
course and seminar programme, together with a research project. A minimum of 44 credits is 
required to obtain the Diploma of Advanced Studies. Of the 44 minimum credits, 12 credits 
correspond to a research project, 18 credits belong to the compulsory courses and the remaining 
are taken from the optional courses. A maximum of 5 optional credits can be obtained from 
courses not included in this programme with the acceptance of the supervisor. 
 
All the seminars and courses are taken during the first two years of the programme. Students start 
their research project during the second year. Students need to have passed 20 credits during the 
first year, 15 of which must be from fundamental courses, to be able to register their research 
project in the second year. Students begin their doctoral dissertation project once they have 
obtained the Diploma of Advanced Studies (DEA). 
 
The aim of this doctoral school is to acquire sufficient theoretical knowledge and practical 
experiences (methodologies, tools) in the field of human-computer interaction. Marcelo, the 
designer of the curriculum, set up a list of mandatory and optional courses as part of the doctoral 
school. Each student must start with a mandatory introductory course in order to level up the 
competence of the students. Each year, every student must take part to at least 80% of the 
seminars. Finally, during the 2 years of the doctoral school, students must attend and pass a 
minimum of 6 optional courses that deal with technologies as well as cognitive and social 
sciences.  
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The CDP looks more or less like this: 
 
 
 
It is important to note that in the context of this PhD programme, a CDP composer tool should: 
• Retrieve graduate course from the UPF and 2 other universities that offer courses with 
credits. 
• Reveal the importance of the phases (e.g End of mandatory theory, optional courses, end of 
first year, optional courses, end of second year). Moreover, the assessment based on the 
number of credits acquired. 
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Digital Cinema 
As part of a pilot in the field of digital cinema, we have defined a competence development 
programme (CDP) entitled `virtual sets curriculum'. This CDP is designed to develop 
competences related to the virtual sets production process, including pre and post production. It is 
directed at the television and cinema industry professionals, principally television and cinema 
professionals, visual effects students and practitioners, stage designers. 
 
The aim is for the learners to acquire competences in creating a virtual set, assisting the director 
in shooting tasks by providing him with real-time pre-visualization of the virtual set, and setting 
up, and rendering the virtual set for the final composition. The learning path associated with the 
virtual sets curriculum is composed of five competence development programmes: blue screen 
shooting, framing and camera movement, 3D techniques for modeling, editing, and rendering 
animations, cinema composition, and brainstorm eStudio usage. The learning path's composition 
in terms of precedence relationships among the CDPs is subject to preconditions such as the facts 
that framing and camera movement is a prerequisite of blue screen shooting.  
 
In order to enroll in the virtual sets curriculum, learners must possess a minimal set of related 
competences required to ensure that they understand the curriculum and carry out the learning 
activities in the digital environment. In addition, as all learners have experience in the television 
and cinema industry, several parts of the programme may address competences that they already 
have acquired. Moreover, each learner may have a specific learning goal, based on the envisaged 
function in the virtual sets to be fulfilled. 
 
Each offered programme targets various competences, which may reoccur in a different 
programme. The challenge is to provide the learner with insight in which parts of the programme 
are relevant and not yet known, which competences to put emphasis on, and finally how to create 
and plan an individualized programme, based on the building blocks selected. These choices may 
be based on the (prerequisite) relations between courses, relations between the underlying 
competences, the learner's background knowledge and learning goals, and experiences of peer 
learners who already successfully followed the programme. 
 
The curriculum is divided in three main phases (Figure 5.1). First, learners must follow 
compulsory modules in order to gain basic knowledge on virtual sets. Each module must be 
completed before proceeding to the following; therefore their relations are purely unidirectional. 
The activities within these modules are applied in a linear, forward only fashion. 
 
Second, the learners can follow optional theory modules on cinema production and set design. 
The learner’s selection of units of learning within these modules is free and depends on his/her 
prior knowledge and experience. However, a mandatory introductory activity must be followed 
prior to step in the others module’s activity. For example, a learner must follow the Set Design’s 
activity on Digital Architecture rules prior to engage in the lightning theory activity. 
 
Finally, the core of the curriculum resides in a mandatory applied training in virtual set 
production. This module consists first of an optional set of activities on basic 3D knowledge (e.g. 
modeling, texturing, rendering). Learner can freely select these activities as well as the order (not 
mandatory, bidirectional). Second, a set of sequential applied activities called “Brainstorm 
Foundation” must be followed in a forward-only fashion. The order of the training consists in two 
scenarios (e.g. Weather Man Scenario and Elections Scenario) each covering different aspect of 
the virtual set production. 
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Similarly to the PhD programme example, phases are important to reveal in order to get an 
appropriate overview of the curriculum. 
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4 Appendix to Section 4: Prototypic Curriculum 
Planner 
 
4.1 Models and Schemas 
The following schemas are a simplified model that will be implemented for the first version of 
our composer tool. The relational model between these schemas is based on associating one 
competence with each CDP while the latter can contain several UOLs.  
 
CDP: 
- CDP-name:    String 
- CDP-description:    String 
- Competence:   Schema (Competence) 
- Duration:    Hours/minutes 
- Assessment-type:   String 
- Prerequisites:   Competence(s) 
- UOL(s):    Schema (UOL) 
- Student-evaluation:  [0;1] 
 
Competence: 
- Competence-name:  String 
- Proficiency-level:   [0;1] 
- Domain:    String 
- Description:   String 
 
Goal: 
- Goal-name:   String 
- Competence(s)   Schema (Competence)(s) 
- Starting-position:   Schema (Competence)(s) 
- Current-position:   Schema (Competence)(s) 
- Description:   String 
 
UOL: 
- UOL-name:   String 
- Description:   String 
- Duration:    Hours/minutes 
- Assessment-type:   String 
 
The CDP schema hence associates a CDP with a set of required competences and one given 
competence. It includes information useful for the learner in planning a LPD such as the overall 
duration of the programme, the assessment type employed, and the evaluation of the learners that 
previously took it. 
 
The competence schema defines a very simple representative model for competences. The 
representation is user-centred since it includes a proficiency level field that reflects the user’s 
current mastering of the related competence. 
 
The learner’s goal is basically defined as a set of targeted competences. The starting position 
reflects the proficiency levels of the competences involved before the start of the learning 
process, and the current position reflects the present proficiency levels of the same competences. 
 Appendices to Project Deliverable report 7.1 
 
 
TENCompetence – IST-2005-027087  
 
33 / 61
 
4.2 Scenario: Erica plans her CPD for Virtual Sets 
Erica is a cinema professional that has been involved in the cinema industry for 4 years. She is 
planning to acquaint herself with new technologies related to the emerging digital cinema 
domain. Her primary occupation is set production, and she would like to gain competences for 
virtual sets production.  
 
 
Figure 11: Virtual Sets CDP (yellow arrows are dependency relations, the blue square represents the 
learning goal) 
 
Erica logs into the TENCompetence environment and searches for resources related to her goal 
(WP5 ?). The system provides Erica with a comprehensive list of CDPs associated with her 
learning goal. Such information is visually displayed in the form of a map indicating the relations 
among the available CDPs. Erica filters out unwanted or redundant CDPs and then concentrate on 
using the remainder to construct her LPD. In this particular scenario, Erica chooses a CDP 
designed by a university to train professional in virtual set production. This CDP, shown in figure 
11 above, is composed of five main CDPs each targeting a specific area or competence. As shown 
in the figure, the prerequisite relations strongly limit the options of Erica in terms of determining 
the order by which she wants to take the courses. She must finish all the CDPs in a certain level 
before moving to the next one.  
Erica can spend up to 6 hours a week studying for the virtual set diploma. She can either finish 
CDP after CDP or commit to several at the same time without breaking with the precedence 
relations. As shown in figure 2, the CDPs have different lengths in time and those represented 
with the same color can be taken simultaneously.  
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E-Learning foundation                                 2 hours 
V.S. foundation                                 10 hours 
Scheme foundation                                 20 hours 
D.C. Production                                 18 hours 
Set design                                 20 hours 
V.S. Production                                 140 hours 
Figure 12: CDPs time requirements 
 
The following figure shows three different combinations of the first three courses covering level 
0 & 1 that Erica can compose freely without breaking any precedence relationship. If plan A is 
followed, Erica will finish a course before starting a new one. Plan B represents the strategy 
where two courses are taken at the same time, and plan C tries to distribute time on all of the 
three courses. 
 
Plan A 
E-Learning foundation 2      
V.S. foundation 4 6     
Scheme foundation   6 6 6 2
 
Plan B 
E-Learning foundation 2      
V.S. foundation 4 2 2 2   
Scheme foundation  4 4 4 6 2
 
Plan C 
E-Learning foundation 2      
V.S. foundation 2 2 2 2 2  
Scheme foundation 2 4 4 4 4 2
Figure 13: three different plans for L0 and L1 courses 
 
The three plans for L0 & L1 each take 6 weeks to finish. The last of these weeks leaves 4 hours 
for the next level. Naturally, Erica can also leave these hours unassigned as “backup time” in the 
case where unexpected events disrupt the proceedings. In this scenario we assume that Erica is 
trying to plan as efficiently as possible by assigning all 6 hours of each week and avoiding having 
unassigned hours or gaps in time. Based on that, Erica plans the second phase of her LPD that 
covers L2 of the virtual sets CDP independently from the first phase explained in figure 3, 
knowing just that the first phase ends in on the sixth week with 4 hours to spare. Figure 4 shows 
two possible plans for the second phase where plan A follows a “course after course” strategy 
while plan B equally distributes time between both courses. 
 
 Appendices to Project Deliverable report 7.1 
 
 
TENCompetence – IST-2005-027087  
 
35 / 61
 
Plan A 
D.C. Production 4 6 6 2       
Set design       4 6 6 4 
               
Plan B 
D.C. Production 2 3 3 3 3 3 1 
Set design 2 3 3 3 3 3 3 
Figure 14: two different plans for L2 courses 
 
The last remaining course requires 140 hours to complete. On a 6 hours per week dedication, 
Erica will need up to 6 months to complete it, pass its assessment and that of the whole CDP in 
order to receive a diploma in Virtual Sets design and production.  
 
4.3 Representative Dependency Matrix (RDM)  
The CDPs that are returned to the learner by the system when the learner defines the learning 
goal may encompass more competences than those inherent in the goal itself. Such set of 
competences will be referred to as the set of involved competences. Each CDP can hence be 
represented as a vector of those competences where for each competence an associated value of 1 
signifies that this competence will be acquired through this CDP and a value of –1 means that the 
competence is a prerequisite of the CDP. A value of 0 signifies that the competence is unrelated 
or irrelevant to the CDP. 
 
By using this information, we can built a RDM where each row becomes the representative 
vector of a CDP involved. Note that prerequisite competences define a transitive relation where if 
competence CDP1 requires a competence C1 and CDP2 provides C1 but requires C2, then CDP1 
requires C2 also. The following figure shows an example of a RDM based on the scenario 
defined above. 
 
 Competences 
 C1 C2 C3 C4 C5 C6 
CDP1 -1 -1 -1 -1 -1 1
CDP2 -1 -1 -1 0 1 0
CDP3 -1 -1 -1 1 0 0
CDP4 -1 0 1 0 0 0
CDP5 -1 1 0 0 0 0
CDP6 1 0 0 0 0 0
Figure 15: RDM of CDPs and Cs involved in the virtual set scenario 
 
The CDPs in figure 15 are sorted by dependency, meaning that the CDPs with larger prerequisite 
competence sets are found higher in the matrix. Notice that CDP6 does not have any prerequisite 
competence and can be used as the start of the learning path. On the contrary, CDP3 requires 
three competences and cannot be taken before CDP4, CDP5, and CDP6.  
 
The learning goal can be also represented in the matrix by a raw of (-1)s and (0)s and it can be 
placed on the top of the CDPs hierarchy. Such RDM poses a direct question on the existence of a 
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learning path that joins any possible starting point with the goal sought. This problem is formally 
defined as Path Existence. 
 
4.3.1 Path Existence 
Let RCDP be the set of CDPs retrieved for a learning goal G with a set of involved competences 
C. Let A0 be the set of CDPs ⊂ RCPD / for each c ∈ C, A0(c) ≥ 0. A0 is hence the set of CDPs 
that do not have prerequisite competences and offer a set of competences C0 ⊂ C / ∀ c ∈ C0, 
A0(c) = 1. 
 
Let A1 = step(A0) be the set of CDPs ⊂ RCPD / for each c ∈ C0, A1(c) ≤ 0. A1 represents the 
set of CDPs accessible from A0. We say that Path(A0, A1) = true if and only if CR1 ≠ ∅, CR1 
being the set of competences {∀ c ∈ C0 / A1(c) = -1}. 
 
Path is a transitive relationship as previously explained. If Path(A,B) = true and Path(B,C) = true, 
then Path(A,C) = true. Hence we say that a goal G is attainable by RCDP if and only if ∃ A0 ≠ ∅ 
/ Path(A0, G) = true. 
 
4.3.2 Path Steps 
Another problem that requires formal definition is that of automatically segmenting the learning 
path into phases or steps based on the dependency relationships that govern its inherent CDPs. A 
path in RCDP can be hence expressed by Path(A0, G) = true where the unitary steps in this 
relation define unitary competence-driven dependency steps. 
 
A0 Æ A1 Æ A2  ……. An Æ G 
 
Any segmentation of Path(A0, G) is a composition of these unitary steps that can be normalized 
by the factor of CDP duration. In this logic, the segments proposed for a learning path are more or 
less homogeneous in time after respecting dependency relations among the inherent CDPs. 
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5 Appendix to Section 4.2: Implementation Details for 
the Graphical Curriculum Planning Tool 
 
For the implementation of the Graphical Curriculum planning Tool we made use of two open-
source platforms: the Protégé Ontology Editor and Knowledge Acquisition System, and the Jena2 
Semantic Web Framework. In this section we shortly introduce both platforms. 
 
5.1 Protégé  
Protégé is a free, open-source platform that provides a growing user community with a suite of 
tools to construct domain models and knowledge-based applications with ontologies. At its core, 
Protégé implements a rich set of knowledge-modeling structures and actions that support the 
creation, visualization, and manipulation of ontologies in various representation formats. Protégé 
can be customized to provide domain-friendly support for creating knowledge models and 
entering data. Further, Protégé can be extended by way of a plug-in architecture and a Java-based 
Application Programming Interface (API) for building knowledge-based tools and applications. 
 
An ontology describes the concepts and relationships that are important in a particular domain, 
providing a vocabulary for that domain as well as a computerized specification of the meaning of 
terms used in the vocabulary. Ontologies range from taxonomies and classifications, database 
schemas, to fully axiomatized theories. In recent years, ontologies have been adopted in many 
business and scientific communities as a way to share, reuse and process domain knowledge. 
Ontologies are now central to many applications such as scientific knowledge portals, information 
management and integration systems, electronic commerce, and semantic web services. 
 
Protégé is supported by a strong community of developers and academic, government and 
corporate users, who are using Protégé for knowledge solutions in areas as diverse as 
biomedicine, intelligence gathering, and corporate modeling.   
 
The Protégé platform supports two main ways of modeling ontologies via the Protégé-Frames and 
Protégé-OWL editors: 
1. The Protégé-Frames editor provides a full-fledged user interface and knowledge server to 
support users in constructing and storing frame-based domain ontologies, customizing data 
entry forms, and entering instance data. Protégé-Frames implements a knowledge model 
which is compatible with the Open Knowledge Base Connectivity protocol (OKBC). In this 
model, an ontology consists of a set of classes organized in a subsumption hierarchy to 
represent a domain’s salient concepts, a set of slots associated to classes to describe their 
properties and relationships, and a set of instances of those classes - individual exemplars of 
the concepts that hold specific values for their properties. 
2. The Protégé-OWL editor is an extension of Protégé that supports the Web Ontology 
Language (OWL). OWL is the most recent development in standard ontology languages, 
endorsed by the World Wide Web Consortium (W3C) to promote the Semantic Web vision. 
"An OWL ontology may include descriptions of classes, properties and their instances. Given 
such an ontology, the OWL formal semantics specifies how to derive its logical 
consequences, i.e. facts not literally present in the ontology, but entailed by the semantics. 
These entailments may be based on a single document or multiple distributed documents that 
have been combined using defined OWL mechanisms" (see the OWL Web Ontology 
Language Guide). 
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Protégé with OWL-Editor Plugin 
 
Protégé ontologies can be exported into a variety of formats including RDF(S), OWL, and XML 
Schema. Database support is provided for MSSQL, MS Access, Oracle and MySQL. 
 
5.2 Jena2 
Jena2 is a Java framework for building Semantic Web applications. It provides a programmatic 
environment for RDF, RDFS and OWL, SPARQL and includes a rule-based inference engine. 
Jena2 supports various databases via the JDBC drivers. Within Jena2, classes and their properties 
can be modeled directly. A document manager facilitates the import of ontologies, which may be 
created using Protégé. 
 
5.3 Overview of Software Used 
Below a list of the software used for the implementation, including version numbers and 
download instructions. 
 
Protégé 
version:    Protégé 3.2 
download:   http://protege.stanford.edu/download/registered.html 
Tutorials:   http://www.co-ode.org/resources/tutorials/ProtegeOWLTutorial.pdf 
 
Jena 
version: Jena-2.4 
download:     http://prdownloads.sourceforge.net/jena/Jena-2.4.zip?download 
documentation:   http://jena.sourceforge.net/documentation.html 
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MySQL 
version:    mysql-5.0.26-win32.exe 
download:   http://dev.mysql.com/downloads/  
documentation:   http://dev.mysql.com/doc/ 
 
mySql-Connector-j 
version:    mysql-connector-java-5.0.3-bin.jar 
download:   http://dev.mysql.com/downloads/connector/j/5.0.html 
document:   http://dev.mysql.com/doc/refman/5.0/en/connector-j.html 
 
Jgraph 
version:    jgraph-latest-stable.jar 
download:  http://www.jgraph.com/downloads.html 
 
The ontology models and their instances are created in Protégé. In the table below you find the 
models in detail. 
 
CDP Model 
Author 
Insititution 
 Subclass 
Aggregated UoL 
OWLClasses 
Unit Of 
Learning Simple UoL 
 subproperty Domain Range 
prerequsite Unit Of Learning Unit Of Learning 
bidirectional Unit Of Learning Unit Of Learning 
follow-up Unit Of Learning Unit Of Learning 
relation 
similar <-> similar  
(symmetric) 
Unit Of Learning Unit Of Learning 
consists of <-> belongs Institution Author 
Belongs <-> consists of Author Institution 
Offers Institution Unit Of Learning 
Object 
creates Author Unit Of Learning 
class Attribute 
Identifier 
Name 
Unit Of 
Learning 
... ... 
Properties 
Data 
type 
... ... ... ... 
class Individual 
identifier name prerequsite follow-up ... 
Intro_Math Intro_Math -- Calc1 ... 
Calc1 Calc1 Intro_Math Calc2a ... 
Unit Of 
Learning 
... ... ... ... ... ... ... ... ... 
Individuals 
 ... ... 
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Domain Model 
Competency 
Context 
Proficiency Level 
Proficiency Scale 
 subclass Sub-subclass 
Aggregated UoL Unit Of 
Learning Simple UoL 
Aggregate Competence Composite Competence 
Alternative Competence 
OWLClasses 
Competence 
Simple Competence 
 subproperty Domain Range 
contributes_to <-> contributes_to Unit Of Learning Competence 
alternatives Alternative 
Competence 
Competence 
subclass_of Context Context 
Object 
parts Aggregate 
Competence 
Competence 
class Attribute 
Identifier 
Name 
Unit Of 
Learning 
... ... 
Properties 
Datatype 
... ... ... ... 
class Individual 
identifier name ... … 
Intro_Math Intro_Math … … 
Calc1 Calc1 … … 
Unit Of 
Learning 
... ... ... ... … … 
Individuals 
 ... ... 
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Learner Model 
Competence 
Institution 
EPortfolio 
EPortfolio Element 
Learner 
Preference 
Relation 
 Subclass 
Aggregated UoL 
OWLClasses 
Unit Of 
Learning Simple UoL 
 subproperty Domain Range 
has Learner Competence 
Object 
subscribed to Learner Preference 
class Attribute 
Identifier 
Name 
Unit Of 
Learning 
... ... 
Properties 
Data 
type 
... ... ... ... 
class Individual 
identifier name ... 
Intro_Math Intro_Math ... 
Calc1 Calc1 ... 
Unit Of 
Learning 
... ... ... ... ... 
Individuals 
 ... ... 
 
 
The example model above is has been represented as an OWL ontology. We use the Jena API for 
importing and manipulating the statements of the model. Jena also provides means for storing the 
data in a database, using the standard Java JDBC driver. For our purposes, we make use of the 
open-source database MySql. 
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6 Appendix to 5.1: Technical Details Positioning 
Service 
 
6.1 System design 
For the first release of the service we focused on researching content-based techniques for prior 
learning assessment. For this purpose we analyzed several techniques to calculate the similarity of 
documents like Latent Semantic Analysis (LSA) (Deerwester et al., 1990) or Reduced Rank 
Vector Models. LSA is based on word (co)-occurrences in documents, thus all order (syntax) of 
words or semantics in the original documents is ignored. All analyses are performed on a Term-
by-Document matrix with word frequencies in the cells. The dimensions of this matrix are 
computed and the largest dimensions found (the semantic factors) are retained to reproduce the 
original matrix (Landauer & Dumais, 1997). In the reproduced matrix each document is 
represented as a vector. The smaller the angle between two document vectors the higher they are 
correlated, that is, they are expected to contain materials that have substantial overlap. Learners 
are represented by one or more documents that they have produced. If one or more of these 
learner document vectors demonstrate a high correlation with learning material vectors, then the 
learning material may be considered redundant. 
Since these techniques rely heavily on many preprocessing procedures (stopping, stemming etc.) 
we concentrated for this cycle on the core of the service which is the comparison of learner 
documents to a latent semantic space build from the resources of his current domain or network. 
The service reads documents from a learning network and builds a latent semantic space. This 
semantic space can be queried with a learner profile and the service produces a correlation matrix 
to learning activities in the current learning network of the learner. 
 
6.2 Implementation 
Several components in the Learning Networks Infrastructure are related to the positioning service. 
Through the actor class the address of the electronic portfolio and the current goal of the learner 
can be derived. Information about learning activities leading to this goal can be derived through 
the competence development programmes. Information about the connected learning or 
knowledge resources can be derived from the activity. The most important relation is to the 
navigation service. The navigation service takes into account the results from the positioning 
service to produce an individualized curriculum or recommend the next best step for the learner.  
 
The Positioning Service can be downloaded under following URL: 
http://dspace.ou.nl/handle/1820/994 
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6.3 Requirements 
There are several requirements for a working positioning service. 
 
1. ePortfolio 
Since the service is based on documents from a learner the service relies on the existence of 
an electronic portfolio where the documents from the learner history are stored. 
 
2. Goal 
In the current version the positioning service needs information about the learner’s goal to 
analyze the learning activities leading to his goal. 
 
3. Format of resources 
Since the positioning service in the current version relies heavily on textual data the best 
input format for content from learning resources is a text format like txt. 
 
6.4 Positioning Service API 
A workflow diagram of the web services from the WP7 are available in ‘9 Appendix to Chapter 
5: API model of WP7’. 
 
 
Positioning Service -> 10C Server 
1. Get User Profile 
Name Method Description Input (Parameter) Output 
Get User Profile() GET Return specific data 
from the learner profile. 
Iduser=xx ePortfolio URI 
Frequency DATA Fields Format 
ePortfolioURI  
Goal  
For every request 
  
2. Get Unit of Learning List 
Name Method Description Input (Parameter) Output 
Get UoL List() GET Return list of UoL with. IdUoL=1& 
IdUoL=2& 
IdUoL=3& 
IdUoL=4 
 
 
Per UoL: 
IdUoL=1 
UoLTitle 
UoLURI 
Frequency DATA Fields Format 
IdUoL Integer  
UoLTitle String  
Per request per learner 
UoLURI String  
 
 
Positioning Service -> Navigation Service 
Name Method Description Input (Parameter) Output 
Post Position() Post Return a list of UoL that 
should not be 
recommended. 
Iduser=xx 
learning goal=XX 
list of  UoL  
Frequency DATA Fields Format 
Per learner once when s/he 
enters a LN 
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7 Appendix to 5.2: Technical Details Navigation 
Service 
 
7.1 Recommendation strategy 
The collaborative filtering part of the recommendation strategy is based on the behavior of 
students allocated to the same peer-group. These peer-groups are defined through additional 
information in the profile (i.e., study time, study motive and study interest in a specific sub 
domain of Psychology). When learners ask for a recommendation, the recommendation strategy 
(Figure 1) starts to calculate one.  
The strategy checks if already finished courses are available in a transition matrix. If courses are 
available the strategy tries to create a recommendation based on collaborative filtering. If no 
course is saved in the transition matrix the recommendation strategy creates a recommendation 
based on the ‘special interest in a sub domain’ of the learner. This information is given in the 
personal profile of the learner and mapped to the ontology of the domain.  
  
The transition matrix is personalized through three levels of personal information (level A, level 
B, level C). The three levels are based on detailed information from the personal profile (interest 
in a sub domain, study time and study motivation). A matrix on level A is using all three personal 
profile attributes of the learner. Matrix C is only using the attribute interest in a sub domain from 
the personal profile of the learner. For each combination of learner attributes (i.e. interest in a sub 
domain=’perception’, study time=’less then 10 hours a week’ and study motivation=’extrinsic 
motivated’) is a matrix available.  
 
 
Figure 15: Recommendation strategy for the PRS 
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The collaborative filtering part of the recommendation strategy tries to create a recommendation 
in first place with a matrix on level A where all three attributes are matching. If there is no entry 
in the matrix on level A the strategy delete the attribute study time  from the query and check if a 
matrix on a less detailed level (level B or C) could be used for a recommendation. If the attributes 
interest, and study motive are fitting to the matrix on level B and there is entry in the matrix with 
has the same course ID like the last course the learner completed before the recommendation will 
be based on matrix level B. If this is not the case the strategy tries to do a recommendation based 
on a matrix on level C. Therefore it removes the attribute study motive from the matching 
attribute list. If the interest in a sub domain of the learner is matching with matrix C and there is a 
course in the matrix with the same ID like the last course the learner finished before, the 
recommendation will be based on matrix C. 
 
If no recommendation based on collaborative filtering is possible the strategy uses as a fallback 
solution and recommend based on the interest in a sub domain of the learner. In this case it just 
uses the attribute interest to create a recommendation based on the ontology of the LN. Figure 16 
shows the (simple) ontology used for the psychology experiment. 
If the learner has chosen a special interest in a sub domain (e.g., ‘perception) in his/her profile, 
there would be two options for recommendation (gewaarwording or waarneming). If none of 
these two courses were finished so far, the recommendation would randomly recommend one of 
them. If already one course was finished, the other course would be recommended to the learner. 
If both courses were already finished and the sub domain ‘perception’ was completed, the 
recommendation strategy would recommend a course based on a top domain. For our example all 
courses that are part of the top domain Experimental could be recommend to the learner if they 
are not completed so far. 
Figure 16. Course ontology for the experiment. 
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7.2 System design 
Based on the proof of concept in the experiment we designed a PRS for the specific environment 
in the TENCompetence project. Figure 17 shows an UML class diagram of the PRS which is 
further described in the following text. 
Layers of the PRS. The PRS can be described by two layers and a core recommendation engine. 
The two different layers are the interface layer and the object layer. The low level data collection 
functions are located in the interface layer. The interface layer is responsible for obtaining 
required data from the LN (like learner profile, behaviour data, index of learning activities). The 
Profile class exchanges data between the Recommendation Engine class and the LN. It is 
responsible for obtaining required data for the profile and behaviour data of the Learner. The 
Position class is responsible for obtaining the current position of the learner in the LN. It works as 
an interface between the positioning service, which assesses the prior knowledge of a learner, and 
the personal recommender system, which provides the recommendations. The Items class 
analyses available learning activities, and returns an array of items to the Learning Activities 
class.  
 
 
Figure 17: UML class diagram of the TenCompetence PRS 
 
The object layer creates suitable learner groups. Based on the profile and behaviour data of the 
current learner the object layer will detect similar learners and group them. The Learner class 
collects required data about learners, creating a profile for the requesting learner and inputting the 
Learner Group class. It requires the Profile and Position classes (from the interface layer) to 
obtain required data for the requesting learner. The Current Learner class is an instance of the 
Learner class, representing the requesting learner and providing all information of this learner to 
the Recommendation Engine. The Learner Group class generates an array of relevant (similar, 
successful) learners. It collects available data about relevant learners to provide a 
recommendation based on collaborative filtering, using the Learner class to select matching 
learners and provide a list to the RecommendationEngine. The Learner Group class obtains 
information through the Learner class. Finally, the Learning Activities class is responsible for 
selecting suitable learning activities and for allocating them to the Learner Group or the Current 
 Appendices to Project Deliverable report 7.1 
 
 
TENCompetence – IST-2005-027087  
 
47 / 61
Learner classes. It also provides a list of available learning activities directly to the 
Recommendation Engine if necessary.  
The Recommendation Engine is the heart of the PRS. It calculates recommendations based on the 
input from the object layer, available learning activities and (if available) pedagogy rules that are 
implemented as part of the recommendation strategy. This recommendation strategy decides 
which recommendation technique(s) is / are most suitable to cater for the needs, preferences and 
situation of the current learner.  
 
7.3 Implementation 
In this section we present our initial model for a PRS implemented in a LN. We show the most 
related components in the LN infrastructure, which are based on the TENCompetence domain 
model (Koper, 2006). 
A LN is a collection of actors (learners and institutions) and learning activities (unit of learning) 
which are supported by information and communication technologies (see Figure 18).  
 
 
Figure 18: UML class diagram of a PRS and related components in a LN 
 
The PRS need information from other components of the LN like the positioning service, the 
actor (learner profile) and the available learning activities (either units of learning or competence 
development programmes) to provide recommendations. If a learner asks for a recommendation, 
the PRS will load her/his profile and check available metadata. For instance, if not enough 
metadata are available about the prior knowledge of the learner, the PRS will request the 
positioning service for further information. Based on available learner data, the recommendation 
strategy of the recommendation engine will choose (the) most suitable recommendation 
technique(s). Most recommendations will be specific learning activities (units of learning); more 
advanced PRS are expected to be able to recommend complete competence development 
programmes as well. Competence development programmes contain collections of units of 
learning with specific sequence. Sequences constitute successful learning paths towards specific 
learning goals.  
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The Navigation Service can be downloaded from the following URL:  
http://hdl.handle.net/1820/997  
 
7.3.1 Navigation Service API 
A workflow diagram of the web services from the WP7 are available in ‘9 Appendix to Chapter 
5: API model of WP7’. 
 
Navigation Service -> Positioning Service 
Name Method Description Input (Parameter) Output 
User get 
Position() 
GET Return a list of UoL 
that should not be 
recommended. 
Array $query 
$query[“Iduser”] 
$query[“learninggoal”] 
$query_info[‘ListofUoL’] 
Frequency DATA Fields Format 
Per learner once when s/he 
enters a LN or wanted a new 
Position 
ListofUoL Integer Array 
 
 
Navigation Service -> 10C Server 
1. Get User Profile 
Name Method Description Input (Parameter) Output 
user_getProfile() GET Return specific data 
from the learner profile. 
Array $query 
$query[“Iduser”] 
 
$query_info[‘studytime‘] 
$query_info[‘studymotive’] 
$query_info[‘learninggoal’] 
Frequency DATA Fields Format 
Study time Integer (< 10 | > 10 hours) 
Study motive String (Intrinsic | extrinsic) 
Per request per learner for one 
recommendation 
Learning Goal String (Subdomain form 
Ontology) 
2. Get Info about Unit of Learning 
Name Method Description Input (Parameter) Output 
UoL_getInfo() GET Return detailed 
Information of a UoL. 
Array $query 
$query[“IdUoL”] 
 
$query_info[‘IdUoL’] 
$query_info[‘UoLTitle’] 
$query_info[‘UoLURI’] 
Frequency DATA Fields Format 
IdUoL Integer  
UoLTitle String  
Per request per learner for one 
recommendation 
UoLURI String  
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10C Server -> Navigation Service 
1. Get Recommendation from the Navigation Service 
Name Method Description Input (Parameter) Output 
user_getRecommendation() GET Return a list of the 
most suitable UoL. 
$query[‘Iduser’] 
$query[‘lastFinishedCourse’] 
 
IdUoL 
 
Frequency DATA Fields Format 
IdUoL Integer  
UoLTitle String  
Per request per learner for one 
recommendation 
UoLURI String  
2. Update the Transition Matrix 
Name Method Description Input (Parameter) Output 
matrix.update() PUT Update the Transition 
Matrix via the 
Navigation service. 
Iduser=xx 
topdomain=xx 
studytime=xx 
studymotive= 
learninggoal= 
2lastCompletedCourse = 
lastCompletedCourse = 
 
String 
response=”SU
CCESS” or 
FALSE 
Frequency DATA Fields Format 
Iduser=xx Integer  
topdomain Integer 
studytime=xx Integer  
studymotive= String  
learninggoal= String 
2ndLastCompletedCourseId= Integer 
Per completion of a UoL by a learner, if 
another UoL was finished before.   
Could be quite often! 
lastCompletedCourseId= Integer 
 
7.3.2 Requirements 
In the current experimental version of the PRS there are requirements for other components in the 
LN. These requirements are listed in the following section. 
1. User interface in TENCompetence client. The PRS gives the best next learning activity to the 
TENCompetence client. It is a requirement for the TENCompetence client to present the 
recommendation somewhere in the software.  
2. Transition matrix the navigation service owns a transition matrix that is used for the 
recommendation. The navigation service has to be notified if a learner in the learning network 
completed a course. This information has to be given to the navigation service to update the 
transition matrix. Additional to the course id, the user id and several information from the 
profile of the learner are needed to update the matrix (see API in the Appendix) 
3. Ontology maintenance the recommendation strategy uses a small ontology of the LN domain. 
To consume the navigation service the service need a small ontology about the domain he is 
working with. The ontology has to be structured according to the ontology of the Psychology 
domain (see figure 16 chapter recommendation strategy).  
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A more abstract version of the ontology would look like the following structure:  
 
<topdomainA> 
 <subdomainA> 
   <courseA><name></name><id></id></courseA> 
   <courseB><name></name><id></id></courseB>      
 </subdomainA> 
 <subdomainB> 
   <courseA><name></name><id></id></courseA>   
   <courseB><name></name><id></id></courseB>   
   <courseC><name></name><id></id></courseC>     
 </subdomainB> 
 <subdomainC> 
   <courseA><name></name><id></id></courseA>   
   <courseB><name></name><id></id></courseB>      
 </subdomainC> 
</topdomainA>    
<topdomainB> 
 <subdomainA> 
   <courseA><name></name><id></id></courseA>   
   <courseB><name></name><id></id></courseB>      
 </subdomainA> 
 <subdomainB> 
   <courseA><name></name><id></id></courseA>     
 </subdomainB> 
 <subdomainC> 
   <courseA><name></name><id></id></courseA>   
   <courseB><name></name><id></id></courseB>      
 </subdomainC> 
</topdomainB> 
 
We highly recommend not to use more than two Topdomains and more then eight 
subdomains in one ontology, otherwise learners might be clustered into very small 
groups. That could have the effect, that one learner is alone in one group and could never 
benefit from collaborative filtering.  
 
4. Learning goal and the ontology Another dependency is the selection of the ‘Interest’ of a 
learner in the profile. This interest is used as a learning goal of the learner. The navigation 
service need the specification of a learning gaol for its recommendation strategy. In our 
experiment we used as learning gaols the ‘subdomains’ specify in the domain ontology. 
When a learner entered the LN s/he has to specify his/her learning goal through a drop-down 
menu. In this drop-down menu should all the subdomains from the ontology presented.   
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8 Appendix to 5.3: Preference-based Learning 
Resource Selection 
 
This appendix is based on the following conference article: Abel, F., Herder, E., Kärger, P., 
Olmedilla, D. and Siberski, W. Exploiting Preference Queries for Searching Learning Resources. 
Submitted to the European Conference on Technology-Enhanced Learning ECTEL 2007. 
 
Finding a suitable learning resource is crucial for navigation as well as for positioning services. In 
this section, we show that modeling preferences can yield a valuable support for finding a set of 
optimal learning resources meeting the learner’s preferences. We applied this technique to a 
preference enhanced search service for learning resources. This preference based search facility 
can easily be extended to or combined with a recommendation service for learning resources. 
Search capabilities in educational repositories and networks have been improved in recent years 
by the introduction of personalization and semantic-based queries. These techniques are typically 
realized by adding into the query hard constraints representing the user wishes (e.g., from the user 
profile), that is, conditions that must be fulfilled. Examples of these hard constraints are ``results 
must be either in English or German and must provide a certification''. There are two choices how 
to incorporate these additional constraints into a given query, both leading to suboptimal answer 
sets. Either, we use a conjunctive query, i.e., the additional constraints are connected with an 
'and'. In this case, the danger is high that we end up with an empty result set because of the query 
becomes too specific. Or, we add the constraints disjunctively, i.e., all constraints connected with 
an 'or'. But then, the size of such a result set grows significantly, and will contain many scarcely 
relevant results. 
 
In order to solve the problem of large number of returned results, ranking mechanisms try to sort 
the results showing to the user the best matches first, but this notion of relevancy is typically a 
score computed out of i.e. number of occurrences of a keyword, TF/IDF (term frequency / inverse 
document frequency), proximity of keywords, popularity of the resource, etc., elements that do 
not necessarily represent the user wishes. 
 
A closer look reveals that in most cases additional constraints are not hard constraints. Typically a 
user may want to express that she wants ``courses preferably in English but if there are not, also 
in German would suffice and which take place on Mondays better than Tuesday or Fridays''. 
These ``preferably'' and ``better-than'' indicate soft constraints in which a user specifies what she 
prefers, that is, her wishes as preferences. These preferences can then be used in order to filter out 
non-relevant results. For example, if two courses are found, both on Mondays and one is in 
English and the other one in German, intuitively the latter can be discarded since given the same 
(or worse) conditions, the user prefers English over German. This way, only optimal results 
according to preferences are returned. This improves the satisfaction of the users and reduces the 
time they must spend in order to scan large query result sets. 
 
It is important to note that the term user preferences has been extensively used in the field of user 
modeling [1] and adaptive hypermedia [2,3]. Typically, these user preferences are a set of 
properties for which learners express interest (and which are added in the queries as hard 
constraints). By contrast, our method is more expressive since it does not only allow such 
interests to be modeled but also allows users to indicate which properties they prefer to another 
by allowing for a preference order. 
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8.1 Motivating scenario 
In the following, we picture a scenario to demonstrate how preference-based search supports 
learners in finding suitable courses. We will use this example throughout this chapter  to illustrate 
the approach. 
 
Bob has just bought his first digital camera and now he is looking for a course about photography. 
He is not sure what different kinds of courses are available, but he has certain ideas of his likes 
and dislikes. For instance, Bob prefers a class-room course in which he can learn with and get 
inspired by fellow learners above a rather solitary distance learning course. Bob is not a 
professional in photography: so he does not insist on gaining a certificate. But should there be a 
course with a certificate at the same or better conditions (price, etc.), he would prefer to take the 
one with the certificate. However, he does not want to pass an exam for gaining the certificate. 
Bob believes that he will like doing image processing with his computer. Hence, he also wants a 
course comprising some kind of homework. 
 
Bob would prefer a course offered in the evening on working days, except on Monday; then he 
has a weekly appointment with a friend for jogging. If needed, he could reschedule this 
appointment, though. He also likes to keep the Friday evening free for 
meeting with his chess club. If there are no courses available during the week, he might consider 
a course on Saturday or Sunday. Bob would like to have the course taking place once a week, in a 
period of about three months. A course with two meetings per week, or one meeting every two 
weeks, would be fine as well. But he absolutely dislikes weekend block courses, as he is not 
willing to stay away from home for a longer time over the weekend. However, since he just got 
his new camera he wants the course to start as soon as possible as not to lose any time. 
 
As Bob is an avid cyclist, he does not mind riding up to 10 km to the course, provided that he can 
follow a scenic track with cycle lanes. If the course takes place in the south of the city center he 
can take the way through the park, otherwise he has to struggle with cars. Concerning financial 
issues, Bob also has some constraints: he is not willing to pay more than 100 euros for the course.  
 
With current search interfaces, it is not possible to specify such a complex search request. A 
platform providing extended search capabilities to take into account all given hard and soft 
constraints is desirable. With such a platform, Bob would be able to specify some of his ideas of 
the desired course: it should deal with digital photography, it does not need to provide a 
certificate, it should start immediately, etc. Additionally, the system exploits its knowledge about 
Bob, such as his age, which languages he prefers beyond his mother language. It also uses Bob's 
preferences gained from his past interactions, such as his fondness for meeting people, the 
location where he lives, his regular meeting on Fridays. By taking all these constraints into 
account, the system is able to perform a query comprising most of the particularities in Bob's idea 
of a course. Probably there will be no course matching all the constraints, but the system will 
provide Bob with a small result set, containing the courses with - according to his preferences - 
the lowest deviation from the given preferences. 
 
8.2 Preferences and Preference based Queries 
In order to model the kinds of hard and soft constraints Bob is able to specify his preferences 
with, we will now introduce the notion of Preferences and Preference-based Queries. As we have 
seen in the scenario, advanced search for suitable courses is needed. Searching is not well 
supported with a query model where users can only specify hard constraints on course 
characteristics. To provide more effective search capabilities in such cases, query languages like 
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SQL over relational databases and, recently, SPARQL over RDF graphs have been extended to 
facilitate preference-based retrieval algorithms [4,5].  
 
These approaches assign a degree of match with respect to user-specified soft constraints to each 
object and then aggregate this degree to compute the set of best matching answers. Under the 
common exact match paradigm too specific query predicates often lead to empty result sets, while 
too unspecific hard constraints may yield huge numbers of results. The notion of best matches fits 
much better to typical user's search requests, because it automatically adapts query specificity to 
the available objects. Our proposed solution to achieve best matches is exploiting preference 
orders for querying.  
 
The notion of preference-based querying in the context of databases has been formalized 
independently by Kießling [6] and Chomicki [7]. To describe user's preferences in a way 
exploitable for querying, we rely on the preference query formalization proposed by Chomicki in 
[7]. In this extension to relational algebra, preferences are expressed as binary relations over a set 
of objects R: 
 
Let A = {a1, …, an} be the set of available attributes of the elements in R, and Ui, 1 ≤ i ≤ n the 
respective set of possible values of ai. Then any binary relation p  which is a subset of 
(U1 ×× ... Un) ×  (U1 ×× ... Un) is a preference relation over R. 
 
For combining several preference relations, uni- or multidimensional composition of the 
preference relations is needed. Unidimensional composition is applicable if the relations are 
defined over the same attribute subset. If the relations are imposed over different sets of 
attributes, we need a multidimensional composition imposing a new preference relation over the 
Cartesian product of the sets of attributes. For a composed preference, the combined preference 
relations are called dimensions of the composed preference relation. According to 
\cite{chomicki2003}, two multidimensional compositions are common: 
• lexicographic composition combines two dimensions by considering one as more important 
than the other. 
• pareto composition allows to combine two preference relations without imposing a hierarchy 
on the dimensions - all dimensions are considered to be equal. 
 
In most of the cases, imposing a priority to the dimensions is difficult for a user. For example, in 
our given scenario it is difficult for the user to decide what is more important, the schedule of a 
photography course or its location. It is best to consider them as equally important, and then let 
the user do the final choice given on the found courses. Therefore, we use pareto composition as 
default to combine preference relations. 
 
Pareto composition yields a new preference relation following the principle of pareto domination. 
An object X is said to pareto-dominate an object Y iff X is better than Y in terms of at least one 
of the preference relations and equal or better in terms of all other preference relations. Or, more 
formally: 
 
Given the preference relations nff ,...,1  over the sets of attributes A1,…,An, the pareto 
composition Pf  of  nff ,...,1  is defined as: yxjyxyxiyx jiiP fff :):( ∃∧=∨∀⇔ . 
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For instance, in our scenario a low-cost course X dominates an expensive course Y only iff in 
terms of all other preference relations (e.g., imposed on the attributes location, duration, etc.) X is 
at least equally good as Y. This principle has been exploited in the area of database systems for 
the so-called skylining [8,9,10]. In skyline queries, each single attribute is viewed as an 
independent, non-weighted query dimension. Best matches for skyline queries are determined 
according to the principle of pareto optimality: each object which is not dominated by any other 
object is considered as optimal and as a best match. All these non-dominated objects are called 
the skyline of the query. 
 
Pareto composition can be combined with lexicographic composition in the following way: on 
some of the pareto-combined dimensions a hierarchy can be imposed such that only if two objects 
are equal in terms of the first preference relation, the second one will be considered. We call the 
resulting preference expression a cascaded preference. 
 
In the next section, we show how these preference expressions are applied to effectively search 
for learning resources. 
 
8.3 Preferences on Metadata of Learning Resources 
With the preferences at hand, we are now able to specify the constraints in the scenario in a 
formal way. For each preference Bob provides, a preference relation is imposed upon the 
corresponding attribute. Preference relations can be expressed over a single attribute (such as 
Bob's preferences concerning the weekday of the course) or over several attributes (such as Bob's 
preference relation about the venue of the course: it depends on two attributes, the location (north 
or south) and the distance from his home). According to that, we can formally define Bobs 
preferences. For example the preference relation over the attribute ‘weekday’ can be represented 
as: 
 
weekdayf  ={(Tuesday,Monday),(Wednesday,Monday),(Thursday,Monday), …} 
 
In a similar way we can define learningoftype __f , eworkis hom_f , cyclef , pricef , etc. 
 
Preference relations build partial orders on the values of the attributes they are imposed on. In 
some cases, a preference correspond to a total order (such as Bob's preference on price), but 
usually a total order is too restrictive and do not allow for indifferences (such as Bob's 
indifference concerning Tuesday, Wednesday, or Thursday). Figure 19 shows the partial orders 
representing Bob's preference relations. 
 
These single preferences build up a pareto-composed preference relation Bobf . Given two 
courses A and B, A Bobf  B holds if all attributes of A are equal or better according to the 
attributes’ preference relations to B and in at least one attribute A is better than (and not equal to) 
B. 
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Fig. 19 Partially Ordered Sets representing Bob’s preference relations 
 
Considering the relation Bobf , the optimal course would be the one fulfilling all the values of 
Bob's preferences, since all others would be dominated by this relation. And obviously, he would 
be really happy with a regular 3 month course happening once a week on Tuesday, Wednesday, 
or Thursday without an exam but with a certificate and all the desired features. Unfortunately, in 
most of the cases this course does not exist, and it is a challenge to find out which of the courses 
available provide an optimal trade-off between desired and existing features. We will now show 
by the hand of the dataset depicted in Figure 20 that the pareto composition Bobf  provides 
exactly the intended best match result, i.e., the courses in the skyline, or, more precisely, the 
courses which are not dominated by any other course. 
 
Course Weekday Price Distance Location 
A Tuesday 44 Euro 2 km South 
B Monday 44 Euro 2 km South 
C Wednesday 72 Euro 2 km South 
D Wednesday No cost 10 km North 
E Wednesday 32 Euro 10 km North 
Fig. 20 Some available courses for Bob 
 
As stated above, a course X is considered a best match according to Bob preferences if there is no 
course Y such thatY Bobf X, i.e. there is no other course that dominates X. Given this, we can 
conclude, that course B in Figure 20 is irrelevant since it is dominated by A: A is equal to B 
according to the dimensions price, distance, and location; but A is better than B according to 
weekdayf  (Bob prefers a course on Tuesday to a course on Monday) which lets A dominate B. So 
Bob will not be interested in B since A provides a better alternative. Let us have a look at A and 
C: A is better than C concerning weekdayf  but otherwise C venuef  A holds.  
Given the pareto composition of these preferences, A and C are not comparable since none of  
Tuesday Wednesday Thursday
Monday
Sunday Saturday
Friday
face to face 
distance 
certificate and 
no exam
no certificate 
and no exam
no certificate  
and exam 
homework
no homework
certificate and 
exam
once a  
week 
twice a  
week 
once every  
two weeks 
block  
course 
3 months 
2 months 4 months
south, 10 km 
south, < 10 km 
south, nearby 
north, nearby 
north, < 10 km 
north, 10 km 
south, >10 km north, >10 km
no cost 
< 100 € 
100 € 
 Appendices to Project Deliverable report 7.1 
 
 
TENCompetence – IST-2005-027087  
 
56 / 61
them dominates the other. Hence, Bob is probably interested in both since they are orthogonal 
alternatives. 
For attending course D, Bob has to ride to the north of the city what he really dislikes. But D is 
for free, so he may accept to drive to the north because he saves money. Bobf  ensures that also 
this alternative will be included into the result set since it is not dominated (although it is the last 
option in terms of venuef . 
 
From the courses depicted in Figure 20, the preference based search with the query described in 
the scenario presents the courses A, C, and D. It prunes the courses B and E. B is dominated by A 
because on Monday Bob prefers to attend the jogging with his friend, and A is equally good in all 
other dimensions. E is dominated by D, because it is more expensive and not better in any other 
dimensions. 
 
8.4 A Preference Search Service 
We implemented a Web Service for preference-based queries called Personal Preference Search 
Service (PPSS) which can perform preference queries over arbitrary sets of learning resources 
with an RDF-metadata description. 
 
Querying with preferences in the context of the Semantic Web is a relatively new field. In [5] a 
first contribution is made by establishing an extension for the RDF query language SPARQL 
empowered with an implementation based on the ARQ SPARQL Processor part of the Jena 
Framework. To specify preferences, the SPARQL language has been extended by the 
PREFERRING-construct, two atomic preference expressions, and two facilities for combining 
preference dimensions. For atomic preferences, the following expression types are offered: 
 
• Boolean preferences are specified by a boolean condition. Results satisfying that condition 
are preferred over results which do not satisfy it. 
• Scoring preferences are specified by a HIGHEST (resp. LOWEST) followed by a numeric 
expression. Results for which this expression leads to a higher value are preferred over results 
with a lower value (resp. vice versa). 
 
These atomic preference expressions can be composed to two types of multidimensional 
preferences (c.f. Section 20): 
 
• A pareto composed preference consists of two preference expressions connected by an AND. 
Both expressions are evaluated independently. An object is preferred if it is better in one of 
both preferences, and at least equally good in the second one. 
• In a cascading preference, two preference expressions are connected by a CASCADE; the 
first preference is evaluated first; only for objects which are equally good with respect to the 
first preference, the second preference is considered. 
 
The PPSS operates on top of the extended ARQ engine. If the PPSS receives an RDF description 
of preference definitions, it creates a SPARQL query, passes it to the engine, collects the result 
set, and returns an RDF description of that result set. The separation of functionalities in the PPSS 
(i.e., the separation of SPARQL query generation, the query processing, and the assembly of the 
result set) enables the service to query each RDF-based data set. 
 
We have performed experiments with the lecture database of the learning management system of 
the University of Hannover. That system currently comprises 9829 lectures. As an example, given 
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the following preference query, we show how preference queries optimize the result set and 
provides the desired learning resources without pruning relevant results or returning non-relevant 
objects: 
 
Return courses about mathematics. I am interested in readings rather than in tutorials and 
seminars. If possible, I would like to attend a 90 minutes lecture. 60 minutes are also fine, but 120 
minutes are too long. I like to have the lecture in the morning rather than in the afternoon. Due to 
the lunch break, noon is not possible for me. I don't want to have a lecture on Friday. Thursday 
would be my first choice, then Tuesday. Wednesday would also be acceptable and is preferred to 
Monday, where I am usually still at my parents. 
 
The SPARQL query according to this desired course looks as follows: 
 
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 
PREFIX j.0: <http://www.l3s.de/studip#> 
PREFIX fn: <java:com.hp.hpl.jena.query.function.library.> 
 
SELECT ?x  
WHERE { 
    ?x j.0:name ?name. 
    ?x j.0:type1 ?type1. 
    ?x j.0:weekday ?weekday. 
    ?x j.0:start_time ?starttime. 
    ?x j.0:duration ?duration. 
    ?x j.0:faculty ?faculty. 
    FILTER (fn:contains(?name,"Mathematik")). 
} 
PREFERRING 
    ?type1 ='Vorlesung' 
        CASCADE ?type1 ='Uebung' 
        CASCADE ?type1 ='Seminar' 
AND 
    ?weekday='Thursday' 
        CASCADE ?weekday ='Tuesday' 
        CASCADE ?weekday ='Wednesday' 
        CASCADE ?weekday ='Monday' 
AND 
    ?starttime='09:00' 
        CASCADE ?starttime ='10:00' 
        CASCADE ?starttime ='08:00' 
        CASCADE ?starttime ='14:00' 
        CASCADE ?starttime ='15:00' 
        CASCADE ?starttime ='16:00' 
AND 
    ?duration ='90' 
        CASCADE ?duration ='60' 
        CASCADE ?duration ='120' 
 
ORDER BY ?name 
\end{verbatim} 
 
And its corresponding result set is shown in the table in Figure 21 Obviously, none of the 
returned courses matches all the desired attributes: the first lecture is held too late, on Tuesday, 
and it is not a reading; the second is too long, and so on. (Mind that the order in the table does not 
correspond to a ranking: all six results are equally relevant.) However, concerning all the 64 
courses about Mathematics, these 6 results are optimal: the remaining 58 courses are worse in 
terms of at least one preference relation. 
 
Without the possibility to define preference orders, there are two alternative approaches in classic, 
i.e., best match search interfaces: The first is to conjunctively connect all preferred attributes and 
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do several queries by going step by step down according to the preference order. This manner of 
querying returns to few and - in most of the cases - no results. After some queries with no results 
the user gets frustrated, and even if some results are returned, the user needs to create queries with 
all different alternatives in order to be able to select the best match. In our current example the 
conjunctive query yields an empty result since non of the courses in Figure 21 bear each of the 
most preferred properties. 
 
Course Start time Type Weekday Duration Faculty 
Mathematics Exercises 10:00 Tutorial Tuesday 120 Applied Math 
Mathematics 
(Economics) 
09:00   Reading Thursday 120 Algebra 
Mathematics 
(Geography) 
08:00   Reading Thursday 90 Analysis 
Mathematics 
(Engineers) 
10:00   Reading Tuesday 60 Applied Math. 
Mathematics 
(Chemistry) 
09:00   Reading Thursday 120 Chemistry 
Mathematics and 
Physics 
10:00   Reading Tuesday 90 Chemistry 
Fig. 21 Optimal courses at University Hannover 
 
The second approach is to disjunctively put all the possible desired outcomes into a single query. 
This query usually returns a huge result set containing the desired optimal courses but also a lot of 
non optimal results which are dominated by better ones. In our example, this querying yielded 25 
courses including courses with suboptimal attribute combinations. By using the principle of 
pareto domination instead of conjunctive or disjunctive querying, the PPSS reduces the number of 
results from 25 to 6. 
 
8.5 Discussion and Future Work 
Although the approach of preference-based learning object retrieval is powerful there are still 
challenges to face concerning the eliciting of user’s preferences. Several solutions for that are out 
there such as the presentation of representative objects, the user likes or dislikes. Another solution 
would be the presentation of a suitable interface where the specification of preferences is 
supported by the system exploiting knowledge about the user. These topics as well as the merging 
of the preference approach with the content-based positioning and navigation services we 
consider as future work. 
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9 Appendix to Chapter 5: API model of WP7 
 
 
 
Figure 22: Workflow Diagram of the WP7 Services 
 
The diagram of the API model describes the workflow of the Navigation Service and the 
Positioning Service with the 10C Server.  
 
10C Server: 
The 10C Server can initiate two actions. Firstly it can request an update of the ‘transition matrix’ 
(needed for collaborative filtering) and secondly it can request a recommendation for a specific 
learner.  
As a consequence of the update request, the Navigation Service updates the ‘transition matrix’ 
with the provided entries by the 10C server. 
To provide a recommendation to the 10C Server further information is needed by the Navigation 
Service. Examples of that are profile information like ‘learning goal’, ‘study time’, ‘study 
motivation’ or in case of a Unit-of-learning (UoL) specific information like the ‘name’ of the 
UoL. 
 
Navigation Service: 
The Navigation Service is requesting further information from the 10C Server and from the 
Positioning Service. If no information about the current learner is available from the 10C Server, 
the Navigation Service request a position from the Positioning Service. The output of that request 
is a set of UoL that can be skipped for the competence development of the learner. The skipped 
UoL will be treated like already studied UoL and not recommended to the learner as learning 
activities. 
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Positioning Service: 
To provide a list with UoL that could be skipped, the Positioning Service has to request two types 
of information from the 10C Server. One type of information is about the learner like an 
ePortfolio (a set of documents that show the competence level of the learner). Another type of 
information is about the contents of all available UoL in the LN, to create a semantic room to 
create a corpus for analysing the competence of the learner. 
 
 
